Abstract-A 2D finite element model using ABAQUS has been developed in order to understand the role of nanoclay in enhancing the low speed impact behavior of laminated woven kevlar nanocomposite. The model simulates an impactor as a shell rigid body while the composite samples were simulated in two dimensional model. ABAQUS/Explicit 6.8 was used to simulate the composite samples in this study. The FEM analysis focuses on the stress distribution in the impacted composite samples; the ability of the impactor to penetrate the samples; and the expected failure mode based on the Hashin's theory damage initiation criteria for fiber-reinforced composites. The damage evolution was determined in terms of displacement and/or energy. In the displacement damage evolution, it is possible to define the damage as a function of the total or the plastic displacement after damage initiation. While as, in the energy evolution damage, it is defined in terms of the energy required for failure (fracture energy) after the initiation of damage. The theoretical and experimental results were in good agreement.. Index Terms-FEM modeling, nanocomposite, low speed impact.
I. INTRODUCTION
In the finite element method, a structure is broken down into many small simple blocks or elements. The behavior of an individual element can be described with a relatively simple set of equations. Just as the set of elements would be joined together to build the whole structure, the equations describing the behaviors of the individual elements are joined into an extremely large set of equations that describe the behavior of the whole structure. The computer can solve this large set of simultaneous equations. From the solution, the computer extracts the behavior of the individual elements. From this, it can get the stress and deflection of all the parts of the structure. The stresses are compared to allowed values of stress for the materials to be used, to see if the structure is strong enough [1] .
Realistic finite element method (FEM) problems might consist of up to hundreds of thousands, and even several millions, of elements and nodes, and therefore they are usually solved in practice using commercially available software packages. There are currently a large number of commercial software packages available for solving a wide range of problems: solid and structural mechanics, heat and mass transfer, fluid mechanics, acoustics and multi-physics, which might be static, dynamic, linear and nonlinear. Most of these software packages use the finite element method, or are used in combination with other numerical methods. All these software packages are developed based on similar methodology, with many detailed and fine-tuned techniques and schemes [2] . ABAQUS is a powerful finite element software package. It is used in many different engineering fields throughout the world. ABAQUS performs static and/or dynamic analysis and simulation on structures. It can deal with bodies with various loads, temperatures, contacts, impacts, and other environmental conditions. ABAQUS software has many different modules, our analysis carried out using ABAQUS/ Explicit finite element software (version 6.8). There are other modules in the ABAQUS finite element package, including ABAQUS/standard, ABAQUS/Implicit ABAQUS/CAE and ABAQUS/Viewer. ABAQUS/Explicit is mainly used for explicit dynamic analysis. ABAQUS/CAE is an interactive preprocessor that can be used to create finite element models and the associated input file for ABAQUS. ABAQUS/Viewer is a menu-driven interactive post-processor for viewing the results obtained from ABAQUS/Standard and ABAQUS/Explicit. In this research, however, the focus will be on the writing of the ABAQUS/Explicit input file, and ABAQUS/Explicit will from now on just be called ABAQUS.
II. MATERIALS MODELS

A. Kevlar Plates
The material properties in ABAQUS defined as an embedded property for a proper "section", then the mechanical part will be assigned to this section. After this step, we can consider every geometrical part had been attached to it is material properties. Composite parts need to be assigned with proper section, ABAQUS library has specialized section to define "composite shells". This section is capable of defining the material property, the orientation, the thickness and the number of integration points of each layer. Shell section behavior is defined in terms of the response of the shell section to stretching, bending, shear, and torsion. Composite shell sections are composed of layers made of different materials in different orientations.
30-Layers were defined to capture the response of 15 woven Kevlar layers, the 30 layers arranged in [0/90/45/135] symmetrically to replace 15 woven layers arranged in [0/45] orientation, vinylester layers were defined between Kevlar layers [3] .
Shell sections integrated during analysis allow the FEM Modeling of Nanocomposites Low Speed Impact Behavior Saud Aldajah, Yousef Haik, Kamal Moustafa, and Ammar Alomar cross-sectional behavior to be calculated by numerical integration through the shell thickness, thus providing complete generality in material modeling. Any number of material points can be defined through the thickness, and the material response can vary from point to point. This type of shell section is generally used with nonlinear material behavior in the section. 4-node doubly curved general-purpose shell, reduced integration S4R element was used to model the two dimensional composite elements, this element capable of capturing the nonlinear response of the Kevlar material, Fig.  1 . 
B. Impactor
The IMPACTOR didn't show any deformation during the experimental tests, because of this it is logical to model the impactor with rigid elements. Rigid elements can be used to define the surfaces of rigid bodies for contact. ABAQUS doesn't need to define material type or element type for rigid bodies, and we still can simulate a rigid projectile penetrating meshed area with nodes..
III. MATERIALS PROPERTIES
Kevlar has orthotropic elastic properties [4] , Linear elasticity in an orthotropic material is most easily defined in ABAQUS by giving the "engineering constants": the three moduli E 1 , E 2 , E 3 ; Poisson's ratios ν 12 , ν 13 , ν 23 ; and the shear moduli G 12 , G 13 , and G 23 associated with the material's principal directions. These moduli define the elastic compliance according to 
The engineering constants can also be given as functions of temperature and other predefined fields, if necessary (ABAQUS).
The following mechanical properties were used for Kevlar 49: E 1 = 129.6 GPa, E 2 = 2.49 GPa, E 3 =2.49 GPa, ν 12 =0.35 GPa, ν 13 = 0.35 GPa, ν 23 = 0.31 GPa, G 12 = 2.01 GPa, G 13 = 2.01 GPa, G 23 = 2.01 GPa [4] .
While for Vinylester they were E =2.34 GPa & υ = 0.33 [5] . The SI unit for magnetic field strength H is A/m. However, if you wish to use units of T, either refer to magnetic flux density B or magnetic field strength symbolized as µ 0 H. Use the center dot to separate compound units, e.g., "A·m 2 ."
V. RESULTS AND DISCUSSION
A. Control Sample
More than four hours were needed to the solution to converge, the results were able to till about the deformed shape, the different stress tensor components, the different strain tensor components, the different stress and strain failure criterion, displacements in all directions, velocity, acceleration, reaction forces, compression pressure and many other parameters. The shear stress contours in the control sample at the final step was shown in Fig. 2 . The values of stresses exceeded the interlaminar shear stress, and this means that the delamination between the Kevlar layers will take place during the penetration process. Fig. 3 shows the Von Mises Stress distribution in the control sample at the final step. The stress level exceeded the fiber fracture strength at the circumference of the contact circle. This will allow the impactor to penetrate the Kevlar layers
In Abaqus the damage initiation criteria for fiberreinforced composites are based on Hashin's theory (Hashin and Rotem [6] and Hashin [7] ). These criteria consider four different damage initiation mechanisms: fiber tension, fiber compression, matrix tension, and matrix compression.
B. Sample with Nano Particles (2 % of Nanoclay)
The only difference between the control sample model and this model is the mechanical properties of the composite matrix, the effect of the nanoclay on the bulk of the composite was modeled by modifying the modulus of elasticity of the matrix to be 2.58 GPa and the poisson's ratio equal 0.33.
The shear stress contours at the final step in the nanoclay reinforced sample was shown in Fig. 4 . The values of stresses exceeded the interlaminar shear stress, and this means that the delamination between the Kevlar layers will take place during the penetration process, the maximum shear stress was very close to the maximum shear stress in the control sample at the same time increment Fig. 5 shows the Von Mises Stress distribution in the nanoclay reinforced kevlar sample at the final step. The stress level exceeded the fiber fracture strength at the circumference of the contact circle. This will allow the impactor to penetrate the Kevlar layers. 
VI. CONCLUSIONS
It was possible to model the nanocomposite impact behavior using the Abaqus software.
The FEM models predicted the failure of the control and the nanocomposite samples due to complete penetration and delamination.
The above results are in line with the experimental results published by the authors earlier. 
